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ATMOSPHERIC RAILWAY. 



FRANCIS LOW, ESQ. 

CHAIRMAN OP THE DUBLIN AND KIHUSTOWN 
RAILWAY COMFAHT. 



My Dear S^". '. ." : - - .f 

Looking Oil- nijrself .as being to a certain 
extent particeps erimimx in having, in conjunc- 
tion with the Treasurer of tlie Company, urged 
on the consideration of the Board tlie adoption 
of the " Atmospheric" system, as the hest mode 
of working the Dalkey lino, {tlie inclinations, 
and especially the curves, of which totally pre- 
cluded the locomotive engine ; and the best 
inquiries which I had been able to make showed 
the incompetency of liorse-powor to perform the 
anticipated amount of traffic,) I am desirous of 
placing on record the grounds of the convictions 
which have led mo to this recommendation ; and 
1 feel the more desirous to do so at the present 
time, without waiting tlie result of experience, 
that I may satisfy you and the other Directors, 
that serious deliberation, and not any love of 



lovelty or desire for experiment has been the ac- 
tuating principle with both of ua. 

I have preferred putting these investigations 
in the form of an Examination of the Report of 
Sir Frederick Smith and Professor Barlow, as I 
thus have an opportunity of showing how and 
where I diifer from these gentlemen, and the 
grounds of these differences, In the annexed 
observations, I have so fully gone into the lead- 
ing principles of this system, and supplied the 
means by which those who feel sulficient interest 
in the subject may, with little trouble, extend 
tlieir inquiries, that it is altogether unnecessary 
here to say anything more on the subject. I will 
not, however, let pass this opportunity of stat- 
ing, that the results of my investigations have 
been, not only to confirm hut considerably to 
extend those favourable views of the invention, 
which have actuated me in my recommendations 
to the Directors, and to convince me of the ex- 
treme importance of the "Atmospheric Railway." 



1 have the honor to be, 
My Dear Sir, 

Yours very faithfully, 

T. F. BERGIN. 

f 6iJ/ Bn-emhiT. \mi. 



OBSERVATIONS, kc. 




The investigation of tlie " Atmospheric Rail- 
way," (both experimental antl theoretical,) by 
Sir Freduriek Smith and Professor Barlow, the 
details of which are embodied in the report 
made by those gentlemen to the Earl of Ripon, 
President of tlie Board of Trade, and subse- 
quently printed by order of Parliament, to whom 
the report had been i)resented by command of 
her Majesty, cannot be considered otherwise than 
as a document of great importance, — because, 
should the anticipations of the inventors and of 
the advocates of this novel mode of railway 
locomotion be at all borne out by the results, 
it must inevitably effect an almost incredible 
revolution in that newest gift of science, — me- 
chanical travelling. 

It is seldom that an invention, no matter 
what its pretensions, has the good fortune to 
be investigated in its earliest infancy by iudi- 
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■viduals so competent to the task; especially by 
a gentleman so long, intimately, and honorably 
connected with the science of the country as 
Professor Barlow ; and when we add the 
practical experience which Sir Frederick Smith 
must haye acquired in his important office 
under the Board of Trade, I may well call 
the document an important one. 

This Report, which is evidently the result of 
much laborious investigation, must be deemed 
absolutely conclusiye as to the practicability of, 
and advantages to be derived from this inven- 
tion ; the words of the Report are decisive 
on these points, — " We consider the principle 
" of atmospheric propulsion to be established, 
" and that the economy of working increases 
" with the length and diameter of the tube ;" 
and, in conclusion, they add, — " The atmos- 
" pheric principle seems to us well suited for 
" such a line as the projected extension from 
" Kingstown to Dalkey, &c." 

Connected as I am with the Company who 
have had the honor, — some, perhaps, will for a 
short time say, the temerity, — to adopt this novel 
invention, the passages I have quoted from 
the Report might, and ia all probability would, 
have been final and satisfactory to me, had I 



looked only to the application of the principly 
to that short line. But however important this 
extension may be to the interests of the Dub- 
lin and Kingstown Railway Company, I believe 
the success which I consider certain to attend 
this experiment, will be but the first impulse 
given to a power that, in its future progress, 
must be productive of most important and be- 
neficial results, in which I trust my native 
country, Ireland, may yet largely participate. 

The Directors of the Dublin and Kingstown 
Eailway Company were the first public body, 
who took what may justly bo considered 
the initiative step, in attempting to introduce 
into Ireland a comprehensive system of Rail- 
ways, for the benefit of the nation, aud under 
the exclusive control of the state. It is not 
necessary here to refer to the energy with 
which that first move was followed up, until it 
resulted in tho appointment of the Irish Rail- 
way Commission, of which Professor Barlow 
was a member, and, of course, in conjunction 
with his colleagues, the late Mr. Drunmiond, 
Sir J. F. Burgoyne, Mr. Griffith, and Colonel 
Jones, a party to that invaluable Report, which 
has been so long and, I regret to say, so fruit- 
lessly before the country. And why, it may be 



aekeil, ia it that it is so '? One of the reasons, 
and perhaps the strongest, is the cost of carrying 
out the magnificent plans of that Commission, 

There are none to doubt the importance of 
such a system of railways as they recommended, 
nor the vast benefit whicli the country at large 
must derive therefrom. Differences of opinion 
may and do exist, as to whether Irish Rail- 
ways should result from tlie enterjirise of pri- 
vate individuals, united by the bond of their 
common as well as individual interest; or from 
the liberal policy of the government, acting 
for the universal benefit of the empire ; but 
there is no difference as to the general prin- 
ciple. 

When, therefore, a project is ushered into 
the worid, promising, as does the "Atmospheric 
Railway," to remove so very large a proportion 
of this stumbling block of expense, it is surely 
a most important one; and there is no diffi- 
culty in tmdorstanding tlie anxiety with which 
the Report to the Right Honourable President 
of the Board of Trade was looked for, nor 
the attention with which it was necessarily 
read and considered on its appearance. 

A careful perusal, however, of this document 
shows, I conceive, that some data in counec- 
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tion witli the air-immj) ami witli tbu space to be 
exhausted, have been omitted by the reporters ; 
and that their method of estimating the leakage 
of the long valve relatively to that of the travel- 
ling piston, has led them to very erroneous con- 
clusions as to the total amount of leakage ; and, 
consequently, as to the economy of the sys- 
tem. The foiiner omission is not very important, 
but the latter is extremely so ; and I believe 
that had these data been taken into account 
by the reporters, their deductions would have 
been very much more in favour of this in- 
vention, than even those to ■which tliey have 
arrived. 

The Report contains two classes of obscrva- 
tions,— tiistly, those which are the result of ex- 
periments instituted by the reportei-s, and of 
theoretical investigations founded on these ex- 
periments ; and secondly, those which are, more 
properly speaking, matters of opinion only. 
These latter will be hereafter discussed ; but 
the former, namely the experimental, and 
especially the theoretical investigations, sauc- 
tioned as they are by the very high authority 
of Professor Bai'Iow, as a Matliematician and 
Experimental PhiIoBO])her, demand the earliest 
attention. It is with very great diffidence, in- 
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deed, that I differ from my respected fricud, 
on a subject involving mathematiciil attain- 
ments, in which he is so rich, and to which 
I have no equal pretensions : nor would I 
have ventured to do so at all, were it not 
that, having observed the omission of data to 
which I have alluded, I foimd that introducing 
them into the theorems, would materially modify 
the conclusions of the reporters. The import- 
ance of the enquiry, and, I may add, the ap- 
probation of a scientific friend, the Rev. Doctor 
Robinson of Armagh, to whom I have commu- 
nicated these "Observations," will, I hope, be 
sufficient excuse for me. 

There are few of the calculations contained 
in the Appendix to the Report of Sir Frederick 
Smith and Professor Barlow, to which I have 
not applied the corrections I believe necessary. 
But it would too much extend my " observa- 
tions," were I here to go over all of them ; and 
after some consideration, I deem it my best 
course to produce new theorems, expressed in 
general terms; — to substitute the numerical 
values in a few of the most important or 
prominent cases set forth in the report ; — 
and finally, to contrast, in tabular form, the 
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numerical results given by the reporters with 
those which I have obtained. 

Of the points investigated by the reporters, 
those to which I think it necessary to refer are 
stated in the following order : — 

First — The expenditure of Engine power re- 
quired to maintain any given amount of ex- 
haustion already obtained in the working main. 

Second — Tlie power absorbed or expended in 
producing any desired vacuum in the work- 
ing main : involving, in this step of the enquiry, 
the discharging or exhausting power of the air 
pump, and the waste of power by reason of the 
leakage of the whole apparatus. 

Third — The separate determination of the part 
of the entire leakage, which being due to the 
travelling piston, is constant for the same degree 
of exhaustion, whatever length of main be in 
use ; and of the part which is variable being due 
to the long valve and joints, and consequently 
dependent on the length of main. 

Before entering on the examination of these 
points, it is desirable to refer to one matter, in 
which there is in tlie report some apparent con- 
fusion, and which, if not corrected, is almost cer- 
tain to lead to misapprehension. I allude to the 



Talue of the unit of horse-power used by the 
reporters. Throughout the report all the uumer- 
ical results in horse-power are given on the as- 
sumption that each such horse-power was equiva- 
lent to 33,000 lbs. raised one foot in a niiuute, 
although towards the end (at page 13), the re- 
porters eay, " Wo have already stated that the 
" unit of our horse-power is 33,000 Iba. raised one 
" foot in a minute, and tliat our numbers must 
" not be confounded with the nominal power of 
" the engine, as estimated in the usual way by 
" the diameter of the cylinder and the length 
" of stroke. Every such nominal horse-power 
"may be considered as capable of raising 08,000 
" lbs. one foot in a minute, and, after deduction 
" for the friction of the air pumps, of still ex- 
" hibiting at the working point, 52,000 lbs ; 
" consequently/, all our numbers require to be 
" reduced in the proportion of 52 to 33, to oh- 
" tain from t/iem the nominal horse-power requi- 
" site for producing any of the above results."* 
If it be asked, what consequence which of 
fttiese units is adopted, tbey being but different 
mmodes of e.vpression for the same amount of 
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[ power ? tlie reply is, that the nominal horse- 
, power is not only that exclusively recognised 
I and used by engineers, for the performance of 
' engines, but it is also the commercial unit by 
■which the cost of engines is regulated. And 
hence it is important to direct particular attention 
to tlie reduction of the reporter's numbers : and 
the more so, because in the report, at page 8, 
much stress is laid on what may be called the 
converse ; namely, that by using the subseguenili/ 
admitted unrecognized unit, the engine at Worm- 
wood Scrubs, which commercially is of 16 horse- 
power, would, according to the reporters, really 
be of 25 or 26 horse-pbwer; and consequently, 
I to erect such an engine, "with the air-pump, would 
, cost about £1,000, instead of £640 or there- 
I abouts. When I com© to treat of the engine 
I power necessaiy for long lines, it will be obvious 
how very erroneous an impression, as to the 
I amount of capital to be expended, is conveyed 
I (however unintentionally,) by the reporter's hav- 
I ing adopted a measure of horse-power which 
I !b not recognized by engine makers. It may 
[ also bo desirable to explain the probable source 
f of this error, as it is generally understood that 
K steam engine horsc-pow^r is a certain definite 



quantity of work done, such as could be pcr- 
fonned by a horse, whereas 'n fact it is a con- 
ventional expression for tlie dimensions of a 
steam engine. 

James Watt originally estimated the unit of 
horse power as equivalent to 33,000 lbs. raised 
one foot high each minute : and on this estimate 
he established the dimeneious and proportions of 
the several parts of an engine ; so that, notwith- 
standing the various losses and expenditures 
of force, which he considered the steam to sus- 
tain between the boiler and the working point, 
there should still remain this amount of avail- 
able power or useful affect. And from com- 
parison of the dimensions of his engines with 
tbe above assumed efTect, it would appear he 
considered that about four-teutbs of the ori- 
ginal power of the steam was thus absorbed ; 
and this is the proportion of loss assumed, in 
the method for determining the horse power of 
steam engines used by the reporters, which is 
the same as that generally given by writers 
on the subject. 

The steam engine indicator, (an instmment 
which, though early proposed, I believe, by Watt 
himself, has only recently come into general use,) 




17 

has incontrovertibly proved that the useful effect 
had been very much under estimated. Besides, 
since Watts' time the steam engine has received, 
and is still receiving, most important improve- 
ments : the result is, as every person practically 
familiar with the subject perfectly well knows, 
that the quantity of water evaporated to pro- 
duce the useful effect, which Watt estimated at 
83,000 lbs. raised one foot each minute, does 
in fact produce at the working point an effect 
more nearly represented by 55 to 60,000 lbs. 
raised the same space in the same time ; or, 
making ample deduction for the condenser and 
feed-pumps, friction, &c. and, in the present 
case, for the friction of the exhausting pump, 
there remains, as already quoted from the report, 
an available power of 62,000 lbs. or upwards. 

Engine makers have not thought it expedient 
to change the horse-power dimensions of their 
engines, such having by use become the com- 
mercial standard for price ; but they know very 
well, and so does the purchaser know (or he 
ought to know) that by {say) a fifty horse engine, 
is meant one which, by using the ordinary for- 
mula of calculation, will give the power named ; 
but which, by the consumption of a given quan- 
tity of fuel, raises for each such horse-power not 



33,OOOIb8. 1)ut 65,000 to 00,OOOIbs. tlie work c 
the pumps, friction, &c. included ; such being 
the actual work performed by modern well con- 
structed steam engines. 

I now proceed to the examination of those 
parts of the report I have named. 

First. The ea^penditure of Engine power ne- 
cessary to maintain any given amount of eshaus- 
fion already obtained in the working main. 

The mode of experimenting on this point 
adopted by the reporters, as stated in the printed 
report, was as follows : — The end of the main 
furthest from the air-pump was closed, by iuaert- 
iiig therein the travelling piston, which, by means 
of the carriage brake, was prevented moving. The 
main was then exhausted, till the mercury in 
the vacuum gauge stood at any desired height. 

If the air pump had then been stopped, this 
column of mercury would have fallen, in conse- 
quence of the leakage of the apparatus ; but it 
was kept working at such a rate, as maintained 
the mercury in the gauge ai as nearly an uniform 
height as was practicable ; the number of strokes 
per minute, necessary for this purpose, was care- 
fully noted, and was considered as a measure of 
the leakage. The same was repeated for various 
degrees of exhaustion, from 15 inches to 22 and 
23^ inches of mercury. 
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" Having thus dcteTinine*! the numher of 
" Btrokes requisite to support different degrees of 
" vacuum," they proceeded " to compute the 
" mean pressure per inch on the air-pump piston, 
" when working against these different vacuums," 
The mode of calculation is then given, to- 
gether with the resulting mathematical general 
expression ; from which, by a simple arithmetical 
process, the mean pressure on the piston, at any 
degree of exhaustion of the main, is easily ob- 
tained ; from whence is readily deduced the 
nominal horse-power requisite. In this last step, 
however, they use the unrecognised unit of 
horse-power, to which I have just referred. It 
is to be presumed, that the previous pages of the 
report had been printed off, before the reporters 
discovered this. Otherwise, they surely would 
[ have made the proper corrections ; instead of 
' leaving, as they have done, the consequent ex- 
I cessive expressions of poiver standing throughout 
the report, merely stating the necessity of corroc- 
i tion in a remote paragraph; and thus leaving on the 
I minds of a large number of readers an impression 
' very different from the fact. At all events, it is 
I here necessary to reduce their numbers of horse- 
I power, as they themselves direct; consequently, 
[their 20 horse-power should be read 12,7 ; their 



^12.4 Iiorsos as 7.9; and bo for ail other immbei-a 
of horse-power used throughout the report. 

' This subject I have already entered into at some 
length, but I thought it desirable again to refer 
to it here, as a convenient place to illustrate, by 

I -an example, the bearing of my foroier remarks 
the several calculations throughout the 

' ireport. 

The manner of experimenting which I have 

' 'quoted is unobjectionable ; but in the calcula- 
tions founded on these experiments, I observe 
the omission of data before referred to. 

A slight examination of the process of compu- 
tation, wliich is given in some detail, shews that 
the reporters considered the air-pump as being 
absolutely perfect; that is, that its valves opened 
without resistance, and that there was no space 
whatever left between the piston and the pump 
T!over, at the end of the stroke; or, in other words, 
that -when the piston receded from the pump 
tjover, and until the valve communicating with 
the receiver or main to be exhausted, opened, 
there was an absolute vacuum. From such an 
imaginary instrument, they compute the mean 
pressure on the air-pump piston, corresponding to 
the height of the column of mercury in the 
vacuum gauge; and taking this as the measure of 



effect, they calculate back, to find the power 
which should have been expended hy the steam 
engine, to overcome this calculated resistance, 
using Watt's unit of horse power ; and then ap- 
plying these deductions from a iheoretical appa^ 
ratus, to the actual pump in use at Wormwood 
Scrubs, which it will presently be seen does not 
fulfil any of the assumed conditions ; and without 
enquiring how fer this pump is from the perfec- 
tion calculated on, and consequently, without 
mating any allowance whatever for its defects, 
they at once charge all the strokes which it 
had to make more than would have been re- 
quired from a pcr/cci instrument, as so much 
power inevitably wasted by the invention; and 
from this obviously incorrect estimate, they go 
on to calculate the expense of working, and 
the length of main which an engine can exhaust. 
Now what is the fact ? The air-pump at 
Wormwood Scrubs is so far from fulfilling the con- 
ditions of perfection assumed by the reporters, 
that its valves require a pressure or force to open 
them, amounting on a mean of several experi- 
ments, to 1.263 inches of mercury, or more than 
Bix-tenths of a lb. per square incli of piston sur- 
, face ; and the whole capacity of tlie pump being 
16.45 cubic feet, the space traversed by the 
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' piston during the stroke is only 14.373 cubic 
Jt,* leaving at each end a waste space of 1.038 
cubic feet, or about one-eixteenth of the whole 
capacity ; which spaces must at all times, during 
the working of the pump, remain filled with air 
of density greater than that of the atmosphere 
by the force required to open the valves; and 
which dense air, when the piston recedes from 
the cover, expands and in part occupies the 
space which ought to be filled with air from 
the main, and be forced out at the return 
stroke; thereby diminishing the exhausting 
power of the pump. The actual amount of 
loss thus sustained will be subsequently cal- 
culated ; but it may be well familiarly to il- 
lustrate its effect, by assuming a very extreme 
case. Suppose this waste space amounted to 
one half the entire capacity of the pump, it is 
clear the pump must always have within it, the 



■ * On reference to 

t nport, page 7, it appears the reporters look for its capack; the area of 
Uie piston, multiplied by the lengtli of the stroke; which gives the above 
quanUt;, bd,; 14.4 feet, and nhich is used ae its capacity in the calcola,- 
tioni in page 8 ; nhenee I must infer that Sir Frederick Smith and Hr. 
Barlon omitted to ascertain the fact, as to whether the piston did or did Tiot 
tnoYfi lo the end of the cjljnder, as if they were acquainted with the 
fact, I can Bcorcdj suppose they woiJd have considered it ho uiiiinpur. 
taut, as to have omitted it from their calculations. 

The dimensioua nbicb I have used, have been obtained by actnal 



bulk of this lialf-pump-Bpace of air rather denser 
than the atmosphere; that, when the piston re- 
cedes to the farthest end of the pump barrel, this 
dense air ■will have expanded into double its for- 
mer volume, and be reduced to half its former 
density. Now it is clear that no air from the 
receiver or main could possibly pass into the 
pump, unless it were of still greater density, 
or more than half as dense as the atmosphere ; 
consequently, in such an apparatus, with the 
■vacuum guage at about fifteen inches, the pump 
might work ad i/ijinitum without removing a 
single bubble from the main; yet, on the mode 
of calculation used by the reporters, the whole 
power of the engine, no matter how great, 
■would seem to be just able to surmount the 
leakage. The amount of this error is not im- 
I material, even with the lower degrees of ex- 
haustion; but in the higher degrees, it swells 
to considerable magnitude. As, however, it can 
without difficulty be almost totally obviated 
, in an air-pump properly constructed, I should 
have contented myself by merely noticing its 
j existence, were it not that I have other and 
L more serious objections to the reporters' de- 
i ductlons ; and as my object is to point w/terc 
and how I diffiar from these deductions, it is 



I necessary I should include all I have observed. 
I But to return to the report ; I have recalcu- 
• lated the mean pressures for each inch of 
exhaustion, from 12 inches to 25,75 inches, 
taking into account the data omitted hy the 
r reporters, (see note 1,) and give my results 
fcontrasted with theirs in the following table. 
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This table exhibits the amount of the imper- 
fections of the pump omitted in the report ; 
Kand although I shall, to a certain extent, be au- 
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ticipating a succeeding- part of this enquiry, it 
may not be uninteresting to carry this tabulated 
exposition a step furtlier ; by shewing the horse- 
power required, according to the reporters' for- 
mula, to maintain a steady exhaustion, in contrast 
with the true nominal or commercial horse-power 
which I have deduced ; thus exhibiting the power 
expended, in terms of the gcnei'ally imderstood 
horse-power, 

From the printed report I take four cases as a 
sufficient exemplification, viz., at 16, 18, 21, and 
23J inches of vacuum, which were observed to 
be respectively maintained by 16, 18, 29 J, and 
42 double strokes per minute. 
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• In the printed report, pi^e 7, il ia Btated that 2(1.5 double alrokes 
1 per minute, with a moan proasuro of 5.41 lbs. makes tbe aiieine uf 
I twenty of their horaee'-poww, that is, 12.7 of the UBual value, frum 
I irhieh the aboTe numbers in the two last colunuu are uolculatod. 
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From these tables it is obvious, admitting as 
correct tlie mode of calculation I ha^ve adopted, 
of which I believe there cannot be any doubt, 
tbat the printed report does not in any case 
jjive the correct mean pressure on the air-pump 
piston, and for the higher degrees of exhaustion 
is very much in excess ; ag also are the re- 
portera' estimates of horae-power necessary to 
supjjly leakage — rising, ia the four cases which I 
have taken, from an excess of 63 per cent, to 
nearly three-fold. 

The differences in excess shown in the last 
column of this table (2,) aro rather serious ; 

lI the more so, if it be kept in mind, that 
by the reporters' mode of separating the va- 
riable from the constant leakage, much the 
lyreater part of the Mhole amount ia, in their 

Ltements, necessarily thrown into the foi^- 
and as these results are deduced from 
experiments on only half a mile of main, they 
would become very important indeed when 
extended to lengths of some miles; for in- 
stance, in the report, page 10, it is stated, that 
with a vacuum of 18 inches and a three-mile 
main, the whole leakage, (the exhaustion having 
been previously produced,) would amount to 62 
horse-power, of which 2.48 would be the constant 
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part due to the piston, and 59.62 the varialile part 
depeudeiit on the long valve and joints. Or, ex- 
tending the same mode of calculation to lengtlis 
of five miles, which I believe will be found to 
be about the most convenient as well as advan- 
tageous distance between the pumping engines ; 
and agreeing with the reporters, that tlie 
" leakage power" is that which ought to be pro- 
vided, in addition to the discharging power; 
the maintaining power for IS inches of exhaus- 
tion would be a total of 101.7 of their horse 
power, of which 2.48 is for the piston leakage, 
and 99.22 for that of the long valve and joints. 
Now correcting this for the excess of tlie re- 
porters' estimates of mean pressure and Ipak- 
age ; again, for their unit of horse-power ; and 
finally, for the proportions of variable and con- 
stant leakage, which by the experiments and 
investigation given in note 3, and discussed at 
page 36, I find to be as two to one instead of 
I four to one ; we have as the final, and I believe 
correct result, that the power for five miles of 
9-inch main, at 18 inches exhaustion, (exclusive 
of " discharging power,") instead of [01.7 horses, 
would be but 49.7, of wliich 2.4 is for the piston 
leakage, and the remaining 47.3 for that of the 
valve and joints. Or if 21 inches be assumed 
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as the working exhaustion, which I think not 
improbable on lines with those steep indhies 
which the " Atmospheric" principle admits of, or 
for increased loads; the power for the five miles, 
(still exclusive of the "discharging power") in- 
stead of 164 horses, which, according to the re- 
port, would be indispensable, would be but 09.3 
horses.* These results, also those in the note 
at foot, are drawn from the reporters' experi- 
ments and statements, which however sliow a 
total \eakz,ge, ahovXfour times that deduced from 
the experiments of the 22d April, 1842, recorded 
at p. 82 of these " Observations." I am not 
aware of the mode of experimenting used by the 
reporters, therefore cannot trace the probable 
cause of this great difference; but it is not too 
much to assume, that what was done on the 
!nd April, without pr^araiion, may reasonably 



With a valocily of 40 miles per tonr, tho diBchargiog power for a 
9.|iichmiun,with SI inehee of eiUausdon, would be IS. I horaeB ; mokiiig: 
(wllh lUe 69-3 for leakage) the total engine power to be provided, 87 .4 
horacB, instead uf 200, wliich accordiug to the reportera would be uccea- 
•ary. If the main were 18 inches in diameter, imd the exhaustion as 
before, (31 inches,) also aHsumlng that the piston leakage iuoreased 
■a the diameter, and that tho ralve iesihsge remaics the eaiue, tlie power 
wquired, according to my eBlimate, woulil by 1-15.0 horBea, while bj the 
reporters' mode of calculadon, 313 would be ncceasarj. 

It will bo observed that this strongly oxempliEea tho concluBiou of the 
reporters, "that the economy uf working increases at every point, aa we 
" increase the scale of our operations." An increase of 6U per cent, la 
the power ijiiadruples Ihf iwful .-Jfeet. 
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be expected on a line regularly worked, and 
of course regularly attended to ; and conse- 
quently the above corrected " leakage discharg- 
ing powers" may be expected to be reduced 
to one-fourth ; that is, to prove in practice 
(not even 49.7 or 69.3, but only) about 13 
and 18, instead of 101 and 164 horse-power; 
either, however, is a very important difference, 
when it is kept in mind that the power neces- 
sary to counteract the leakage, much more than 
the " discharging power," influences the distance 
at which the pumps may be placed apart ; and, 
consequently, not only the amount of capital to 
be expended on engines, but also the future 
working expenses of a line of railway on the 
atmospheric principle. The following up of this 
part of the subject, however, more properly be- 
longs to the third point noted for inquiry ; but 
before proceeding further, it is right to say, and it 
must be kept in raind by those who have so far 
accompanied me, that these " leakage discharg- 
ing powers" are altogether deduced from the 
actually existing apparatus at AVonnwood Scrubs, 
and give little certainty as to the requirements 
in future constructions. One thing may he con- 
fidently asserted, that nothing at all so bad will 
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again bo worked ; as any future ajtparatiis must 
of necessity be in every respect much better. 

The second subject which I have marked for 
investigation is, the power absorbed or expended in 
producing any required exhaustion in the working 
main; involving in this pa.rt of the enquiry, the 
disckarffinfj power of the air-pump, and the waste 
of power by the leakage of the whole apparatus. 

The course pursued by the reporters for de- 
ducing the power expended, was to compute the 
number of strokes required to produce a given 
vacuum with a pmfect air-pump ; then to observe 
the number actually required ; and the difference 
is set down as representing the power necessary 
to counteract leakage. 1 1 is not stated by the 
reporters, by what means the further extremity 
of the main was closed during their experi- ? 
monts ; whether by the entrance valve, or by the 
travelling piston. If by the latter, the proceed- 
ing was not correct, inasmuch as it did not ac- 
cord with the mode of working the Atmospheric 
Railway ; in which, when producing the vacuum, 
the maiu would always be closed by the " en- 
trance valve," and not by the travelling piston. 
And as this valve can without difficulty he made 
quite tight, their estimate of total leakage during 
exhaustion would, according to their own value of 



the " jiiston leakage," bo 25 per cent, in excess, 
exclusive of all otlier causea of error ; or by my 
value of tlie same, which I belieye to be the 
correct one, (see note 3,) their deductions would 
be 50 per cent, above the truth. I thought it 
right to mention this, though in my compari- 
sons I assume they used the entrance valve. 
Here again, the oversight of the imperfections 
of the pump vitiates tlie calculated results — 
slightly in the lower vacuums, but very se- 
riously in the greater degrees of exhaustion. 
In Note 2, will be found the investigations 
from which have been calculated the sarnc 
cases included in Table 1, introducing tlie 
omitted data ; and in Table 3, I contrast these 
corrected results with those obtained by the 
. reporters, completing the comparative view by 
calculating from their own theorems those 
cases not computed by them. 
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It will be recollected that the reporters' cal- 
culntions, which I am now examining, are for 
the purpose of determining the total leakage of 
the Wormwood Scruhs experimental apparatus, 
preparatory to separating that total into two 
parts. FiHST, that which depends on the piston, 
and which is constant, whatever length of main 
be in use ; and. Second, tliat of the long valve 
and joints, and which consequently varies with 
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the length of the main. Now the cletermiiiation 
of the respective amounts of these two leakages, 
I have already stated to lie amongst the most 
important parts of the iuvestigation ; as on it 
depeuda the amount of engine power to be 
provided, which of course affects the original 
expenditure of capital for construction, and the 
subsequent annual expenses for working. 

This constitutes the third head of enquiry ; but 
before proceeding, it will be well to show how 
the deficiency of the reporters' theorem bears 
upon this question of constant and variable 
leakage. 

The fourth column In Table 3, shows the num- 
ber of strokes deficient, by the reporters' theorem, 
to produce the several degrees of exhaustion in- 
cluded in the tables. In the printed report, 
pages 8 and 9, are given the number of strokes 
observed as having been necessary to produce 
the degrees of exhaustion there stated. The 
' same table (3,) shows, in column 2, the num- 
ber which, according to the reporters' theorem, 
ought to have produced the same result ; the 
difference between the observed and calculated 
numbers is by them considered as the total leak- 
age. 

Again, in the report, page 7, it is stated that 
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the engine at Wormwood Scmbs, when working 
at 29^ double strokes per minute, against a mean 
pressure of 5,41 lbs., was doing the work of 
twenty horses. It is tme that subsequently 
it is stated the estimates of horse-power should 
be reduced in the proportion of 52 to 33 ; but 
as the greater numbers are left standing through- 
out the report, it is these I should use here. 
With the data just stated, it is easy to ascer- 
tain by how many horse power the apparent 
total leakage was increased. The preceding data, 
together with the results, are given in the following 
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I now proceed to the third head of enquiry, 
namely, the part of the whole leakage whickt 
being due to the Irat^elli/iij piston, is constant, what- 



ever length of main be in use; and ike part which 
is variable, beintf due to the long valve and joints, 
and consequently dependent on the length of main. 

The method adopted for this purpose, as set 
forth in the report, was to observe the number of 
strokes of the air-pump required to maintain 
any given vacuum, when the long valve was of 
the whole length, and when it was reduced to 
three-fourths, and to one-ha!f ; and from these 
numbers is deduced, by inspection, the relative 
proportions of constant and variable leakage for 
half a mile of main. By this mode of pro- 
ceeding, the reporters have arrived at the 

- conclusion, that the leakage of the long valve 
is four times that of the piston : but the 
whole procedure is incorrect, not only in the 
mode of experimenting, but also in the principle 
of the computations founded thereon. The ob- 
Bervationa are not right, because it is obvious the 
whole leakage of the air-pump piston, be it 
much or little, is included with that of the 
long valve and travelling piston : and as to 
the principle of computation, the reporters over- 
look the fact, that as they diminished tlio space 
to be exhausted, they altered the ratio between 

I this space and the pump, and of course varied its 
c 2 



sake of comparison, using as the total amount 
of leakage that indicated by the reportera' ex- 
periments, during which the vacuum gauge fell 
at the rate of four inches per minute, (although 
in the experiments noted at page 82 of these 
observations, it only descended at the rate of 
1.375 inches, showing but ^Jj, say one-third of 
their leakage,) and adding in a separate column 
the power which would be requisite with this 
lesser and I believe true amount, — we have, in 
contrast with the preceding extract, the following 
estimate : — 

»^ mile 2.37 + 4.73 = 7.ro or 2.36 

1 „ 2.37 + 9.46 = 11.83 „ 3.94 

1^ „ 2.37 + 13.19 = 15.56 „ 5.19 

»2 „ 2.37 + 18.92 = 21.29 „ 7.1 

,2^ „ 2.37 + 23.65 = 26.02 „ 8.67 

3 „ 2.37 + 28.38 = 30.75 „ 10.25 

or the leakage power for three miles, instead 
of 62 horse-power, as given in the report, is but 
31 or 10 horse-power, according as the reporters' 
or my observations of leakage may be realized ; 
or, as before, extending this estimate, viz. — 



r miles 2.37 + 33.11 = 35.58 or 11.S6 



2.37 + 37.84 = 40.21 ., 



13.4 




2.37 + 42.52 = 44.89 „ 14.96 

2.37 + 47.30 - 49.67 or 16.66 

2.37 + 52.03 = 54.40 „ 18.13 

2 37 + 55.76 = 58.13 „ 19.37 

2.37 + 60.49 = 62.86 „ 20.95 



It appears tbat, even witli the high araount of 
leakage during the rejiorters' experiments, 62 
horse-power, instead of beiug requisite for three 
miles, is sufficient for no less than six-and-a- 
half miles ; or if the leakage, found during 
the experiments of April, be realized in prac- 
tice, the "leakage discharging power" for 6^ 
miles of nine-inch main would bo but 21 horse- 
power, instead of 131, as appears by the report. 

When discussing the difTerent units of horse- 
power, I stated the necessity of that point being 
properly understood and corrected ; as the unit 
adopted by the reporters was likely to produce 
an exceedingly erroneous impression, as to the 
amount of capital necessary to be expended in 
steam engines. Having just determined the 
" leakage discharging power" for six-and-a-half 
miles of nine-inch main, first, with the greater 
leakage and the unit used by the re^xirters ; se- 
condly, with the same leakage and the usual unit; 
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for G^ miles in each of the above three cases, 
■would be for the first, £6,560; for the second, 
£3,360; or for the third, only £1,680. 

I may here observe, that the maximum pres- 
sure on the air-pump piston, is when the vacuum 
gauge stands at about 15.3 inches, and not at 
18.9, as stated in the report at page 9. But this 
maximum, which is only of pressure or resistance, 
and not of exhaustion, is unimportant; as at that 
point, the pump is far from its maximum dis- 
charging power,* and the ratio of work done to 
power expended is decidedly disadvantageous. 
This is obvious from the following Table 5, which 

f exhibits the quantity of air that would appear to 
be extracted by each single stroke of the pump, 
according to the reporters' mode of calculation; 
and, in the adjoining column, the quantity actu- 
ally discharged. Both of these columns are cal- 
culated from the theorem (f) in Note 2. The 

I same table also shows, in adjoining columns, the 
quantity of air, in cubic feet, removed at each 
single stroke, and the motive pressure in lbs. per 

\ square inch of the travelling piston, for each 

I pound of mean pressure per square inch of the 
air-pump piston. 
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[.(within the ultimate power of the main,) the Irss 

l-tlie actual expenditure of dischai-qhif/ power dnr- 

Kiiiff tlie transit over a given space, at the saiii/! 

f.velociti/. A little consideration, however, shows 

Ftliat this is a necessary consequence of what has 

' been ah'eady advanced ; and is common both to 

' the reporters' deductions and to mine, diflerino; 

' only in degree ; for instance, (taking tny deduc- 

' tions) on the one hand, the tractive force increases 

' Tvith the exhaustion, or with the equivalent jires- 

sure on the travelling piston ; on the other hand, 

' the mean resistance on tho air-pump piston, 

which is the measure of discharging power to be 

employed, decreases ; consequently, as the ti-active 

} force is increased, the diacharging power is dimi- 

f nished'. for example, supposing the barometer at 

' SO inches, and the equivalent weight of the at- 

r Biosphere 15 lbs., with a nine inch main, the 

area of the travelling piston is 63.6 square 

inches. Now at 11 inches of exhaustion, tlie 

tractive force or pressure on this piston is 5j^ lbs. 

per inch, or in the aggregate, 349.8 lbs. At this 

same degree of exhaustion it is seen, by Table 1, 

that the mean pressure on the air-pump piston is 

4.75 lbs. per inch ; its area being 1,104 square 

inches, and the length of the double stroke being 

375 feet. If the load is to be moved with a 
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velocity of 40 miles per hour, it will require 54 
double strokes per minute to discharge the maiu 
at that rate, whatever be the amount of exhaus- 
tion ; at 18 inches exhaustion, the tractive force 
■ is 9 lbs. per inch, or in all 572 lbs., and the mean 
pressure on the air-pump piston, 4.94 lbs. ; at 
21 inches vacuum, the tractive force is G67.8 lbs., 
and the air-pump piston pressure, 4.21 lbs. With 
these data, we obtain the follo\ving results; — ■ 
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or the weight moved at the rate of 40 miles per 
hour, by a given discharging power, is, at 21 
inches exhaustion, 4^ times as great as at 11 
inches of vacuum. This result is of course ex- 
clusive of leakage, and of the power necessary to 
produce the previous exhaustion of the main; 
both of which will be greater with the greater 
vacuum. It is not necessary now to enter into 
a minute calculation on the subject ; but I 
thought it worth noting, as it bears importantly 
on the question of gradients. 




It would be tedious and uot useful, to give the 
I application of the corrected theorems to all the 
I calculations in the printed report. The several 
k&rnmlte I have used are stated in much detail in 
[ tlie Notes appended to these "Observations," so 
I that any person feeling sufficient interest in the 
[.flubject, can satisfy himself whether my state- 
Iments are correct, and, without much difficulty 
L or trouble, extend these calculations to almost 
I every part of this highly important subject. 

It was not my object to go through and cxa- 
Imine all the numerical deductions of the report, 
I. neither is it my intention to follow the reporters 
I through all the various statements deduced from 
F their experiments ; but having, as I have before 
[ stated, observed omissions which appeared to me 
I materially to aiFect the conclusious arrived at, 
PBnd having, with some trouble, satisfied myself 

I that I was right ; I felt it a duty for the sake of 
I'Bcientific truth, as well as of justice to what 

terns to me a most important invention, — and 
Itbough last, not least, in justification of the part 

II have taken in urging the adoption of the at- 
jheric principle on the Dalkey line, — to pro- 

l^mulgate my objections to a document which must 
t"be so influential. In doing so, it has been my 
[ anxious desire to avoid any expression which 



46 



coulJ, in the most remote degree, give offence. 
I hope I have succeeded ; and from what I koow 
of the party chiefly interested, I am quite certain 
my motives will be fairly appreciated. 

I will now unite iu a tabular form all the re- 
sults distributed through the preceding five 
tableB, 80 as to bring the whole comparison into 
one view, and then proceed to examine, as suc- 
cinctly as possible, those other matters contained 
in the report, which I have designated matters 
of oi)inion only. 
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Refoio iiassiiig on to tlie second division of 
these " Observations," it is right to offer a few re- 
maiks on some of the statements in the re- 
port, which do not properly fall under any of my 
classes. 

At pages 10 and 11, It is stated, that certain 
observations were made with the view of ascer- 
taining, " if possible, the working force which 
" different vacuums possessed of urging the train 
" forward, but (they) failed of obtaining on this 
*' pai't of (their) inquiry any useful results, the 
" engine not having sufficient power to preserve the 
" vacuum constant" 

I should have drawn a different conclusion 
from these experiments ; as I believe the falling 
of the gauge was due not to the insufficiency of 
the pump, but the reverse ; and that its exhaust- 
ing power was competent to produce on the travel- 
ling piston a motive pressure greater than the 
resistance of the load, the velocity of which was 
therefore rapidly increasing, and overrunning the 
pump; which must at all times occur to a greater 
or less extent, and is in fact inherent in the sys- 
tem ; as the constant tendency of the train will 
be to approach its maximum velocity, which 
could only be reached by an absolute and total 
exhaustion of the main. 
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In tbe observations as to the leakage which 
are noted, (report, page 11,) the reporters found 
that with an exhaustion to 21 inches, and the 
whole long valve engaged, the gauge fell about 
four inches per minute. In the experiments 
noted in note 3 to these " Observations," it fell 
but about 1^ inches per minute, except with 
the shorter lengths of main, although tho ex- 
haustion was 23 inches ; and in these experi- 
ments there was not any pains taken with 
either valve or piaton, except to bring both 
as nearly as possible to their ordinary working 
state, by running the carriage several times along 
the line before beginning to note the leakage. 
The former indicates a leakage of about three 
times as much as the latter. I have already 
noticed this, and here only repeat, that what was 
effected without care in the latter experiments, 
may reasonably be expected on a line regularly 
worked and attended to. 

The calculations at pp. 12 and 13 of the 
Report, as to the times of producing exhaustion 
in mains of various lengths and diameters, of 
course require the corrections of data on which 
I have already so long dwelt. 

The reportere state, very justly, that in tho 
wretched state of the line at Wormwood Scrubs, 



ia impossible to obtain experiments of any va- 
lue for determining the friction of the apparatus. 
The time, bowever, is fast approaching, when this 
and all other matters affecting the working and 
economy of this most interesting and important 
invention, will be tested in the most satisfactory 
manner. I mean on the line now iu progress be- 
tween Kingstown and Dalkey, (which I confi- 
dently expect will be ready for working early in 
the ensuing spring,) where every possible facility 
will be given to the inquirer after tlie real value 
of the Atmospheric Railway. 



I now come to the second class of observations 
— those which I have designated matters of opi- 
nion ouly. They are stated in the report, page 
3, as follows : — 

" The probable expence of constructing a rail- 
" way on this principle, and of supplying the 
** locomotive power." 

" The relative economy in working such a line, 
* as compared with a railway worked by loco- 
" motive engines," 

" The degree of safety which the atmospheric 



" system affords, as compared with otiier loco- 
' motive means." 
Under the first of these hcade, — economy of 
I iconstruction, — the inventors claim credit for a 
I considerable saving in the weight of rails, in con- 
[ -sequence of this system getting rid of the heavy 
locomotive engine ; and that therefore the rails 
may be reduced from 75 or 80 lbs. per yard, (the 
"Weight now most frequently used,) to 30 lbs. per 
1 yard, or thereabouts ; this is a serious item, 
I amounting to about eight tons of rails, with the 
I proportionate quantity of chairs, screws, &c. for 
I each mile of single way. On the other hand, 
[ the reporters deny the full amount of this sav- 
but say, " They are ready to admit the 
I ^' weight may be reduced to 56 lbs." This is 
clearly but matter of opinion on both sides; and 
in reference thereto, I will merely state my ex- 
perience on the Dublin and Kingstown Railway. 
I On this line the rails weigh but 45 lbs. per yard, 
I and are fastened with the usual chairs ; hut these 
I chairs, Instead of being attached to cross sleepers 
I ftr to stone blocks, are firmly screwed to longi- 
I tudinal timbers, and the bearing is rendered con- 
[ tinuous by slips of compressed wood, introduced 
I between the top of the balk and the bottom of 
I the rail. These rails, so laid, leave nothing to 



be desired, as to solidity and rigidity; in fact, 
there is scarcely any sensible deflection with 
the heavy coaches canying forty persons, or 
even under the engines at full speed;* here 
then is sufficient proof that the rails may, at all 
events, be reduced to 45 lbs. per yard ; and, con- 
traiy to the opinion advanced by the reporters, 
so satisfied are the Managers of the Dublin and 
' Kingstown Railway on this point, that were 
there not a considerable stock of 45 lbs. rails on 
hand, the whole of the Dalkey line would have 
been laid with rails not exceeding 28 lbs, per 
yard. As it is, a portion will, for the purpose 
of experiment, be laid with rails not exceed- 
ing 20 lbs., which I am satisfied will prove abun- 
dantly sufficient. 

This line, as I have before stated, will be 
in operation in a few months, and then ex- 
perience will speedily present the most conclu- 
sive evidence as to the necessary strength of 
rails. Even now one thing is quite certain, 
that if rails of forty-live pounds per yard are 
I found amply sufficient for locomotive engines 
I of fourteen to fifteen tons, (nearly five tons on 

■ By the eipuHnioQta on tbe fiuliUn and Kingstown Bflilway, with 
t, tegiaiering detie<:touietcr, tlie dedection of llie raila under a first claaa 
cOMh on BIE wheels, weigliiiig with its Inaii about five lona, is only .003 
of ua inch per liiicitl foot of rail. 
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each driving wheel,) and moving themselves auit 

' their trains forward by the adhesion of their 

[ wheels to these rails ; there can be no doubt that, 

I even with the encreased Telocity expected on the 

atmospheric line, much lighter rails will answer 

when there ia no locomotive ; and when the only 

I duty of the rail is to sustain the incumbent 

weight of the passenger coaches, which do not 

I now exceed one ton ou each wheel ; and which 

I weight will, on the atmospheric system, be pro- 

I bably still further reduced. 

The inventors also claim a very considerable 
I amount of saving in the cost of construction, by 
L the much steeper gradients which may be used 
on lines worked on the atmospheric principle, 
than on those worked by locomotive engines. 
The reporters call this a ^luestiouable item: their 
words are, " another questionable item is the 
" extremely reduced expense of cuttings and 
" embankments, it being assumed by the paten- 
" tees, that not having to take the locomotive 
" engine up a plane, much steeper gradients may 
" be introduced than on, the present lines :" and 
they go on to say, " that a great part of the 
" power of a heavy locomotive engine is expend- 
" ed in overcoming its own gravity and resistance, 
'* in ascending steep planes, is certainly true ; and 
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" it is equally true, that on the atmospheric prin- 
" ciple the whole additional force is exerted on 
" the load itself." This ivould seem to be an 
admission of all that is claimed ; but what is the 
conclusion diawTi in the report ? " This is un- 
" questionably an advantage, but still we think 
" its importance greatly oveiTated." 

I confess I am at a loss to conceive the 
grounds, on which this conclusion is drawn from 
the premises. It is true that in the next suc- 
ceeding paragraph of the report, it is said, 
" the patentees propose to work steep inclines 
" by means of larger tubes ; but this would in- 
" volve the necessity of stopping the train at the 
" foot of such planes, and of having again to 
" overcome the inertia of the load, in both in- 
" stances causing a loss of time." 

This is the only thing I can find like a reason 
for the almost anomalous conclusion just quoted, 
and certainly I cannot admit it to be at all suffi- 
cient; assume for a moment, which however I 
altogether deny, that it wag necessary to vary the 
size of tho main on every ascent, and to stop the 
train at the foot thereof, for the purpose of 
changing the piston ; I should say the cases are 
very few indeed, in which the engineer, when lay- 
ing out a line of railway, could not so arrange 
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hie plans, that these stopjuiig places should be the 
most desirable for stations, and thus render the 
accommodation afforded to the public perfectly 
compatible with the efficient and economical 
working of the line. But I do not agree in sup- 
posing it necessary to change the dimensions of 
the main on every steep incline ; table 5, in the 
previous part of these observations, shews that 
the less the exhaustion in the main, the greater 
the quantity of air extracted at each stroke of 
the pump in proportion to the power expended ; 
or, in other words, that the less the exhaustion, 
(within proper limits), the diameter of the main 
being projiortionately increased, the greater the 
economy of the system ; and in this asser- 
tion I am fully borne out by the reporters' in- 
vestigation (report, p. 12). Further, this re- 
duction of vacuum does not materially affect 
the velocity of travelling, which is essentially 
dependent on the dischargint) power of the air 
I pump. Such being the fact, an engineer, when 
looking out a line of railway, and starting with 
' the knowledge that he is not restricted to levels 
' or even to moderate gradients, would find few 
districts in which he could not be able to form 
L the railway almost on the very surface of the 
I country; for lie would be at liberty to avail liiiu- 
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self of almost any ascent ; the only consequence 
■of his doing so, being an increased expenditure 
of power, precisely in the ratio of the increased 
resistance. And if to this it be added, (which to 
all conversant with railways it does not require 
any arguments to prove) that when coaches alone 
are to be conveyed, cuives of much shorter radii 
than would be practicable with the locomotive 
engine, are quite suitable ; assuredly he could 
not have any difficulty in finding a line with 
the very minimum of cutting and enbankment, 
and consequently of bridges, viaducts, tunnels, 
■walling, and in general of all works of art. 
On such a railway, let the main throughout be 
of large size, and the different degrees of incli- 
nation be worked by different degrees of exhaus- 
tion ; and where an occasional ascent, steeper 
than could be conveniently managed by increas- 
ed vacuum, does occur, let the engineer there 
place a main of enlarged size, and arrange a sta- 
tion at the foot ; and I feel satisfied he will have 
effected the cheapest possible line of railway, 
whether for cost of construction, purchase of land, 
or for expense of working. This, however, is 
part of the subject which more immediately 
'and properly belongs to the civil engineer, well 
experienced in laying out lines of railway ; and 



it has been so fully put forward in the letter atl- 
dreseed by my frieiid and colleague Mr. Pirn, to 
the Right Honourable the President of the Board 
of Trade, (and which letter caused the reference 
to Sir Frederick Smith and Professor Barlow, 
and is printed in the appendix to their report) 
that I feel it unnecessary to enter at greater 
length into this part of the subject, or do more 
than express my firm conviction that very much 
' indeed of the economy of construction claimed 
■will be realized ; and further, I am fully con- 
vinced that the atmospheric system will be the 
means of largely extending the advantages of 
railway communication to countries and to dis- 
tricts, the physical structure of which must 
totally debar them from these benefits, so long 
I as the locomotive engine ia the only motive 
I power. One matter there is to which, although 
I not mentioned by the reporters, I must allude. 
Few indeed are the situations in which a single 
line would not be adequate to all the traffic, if 
' such could be worked without danger of col- 
lision. Now, in my view, the atmospheric system 
I fully supplies the desideratum of safety, collision 
being physically impossible ; let the civil engineer 
»ay what will be the further consequent economy 
of construction. 
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'verj' short time, possiblr about the same that 
would be ocoapied bj the train at fiiil speed in 
rnnning over the length the engine has to ex- 
haust. Now it occurs to me that, in such cases, 
it might be more economical to employ an en- 
gine of smaller dimensions, constructed on the 
best possible principles, say a Cornish pumping 
engine, if that be the best ; to keep it uninter- 
ruptedly at work, lifting water into a reservoir, 
which could then be used at the proper intervals 
to drive a water wheel, -with which to work the 
air pumps ; if water were scarce, little fresh 
supply would be wanting, as the same water 
could be again and again pumped into the re> 
servoir. 

Other modes may occur ; indeed I believe that 
at this time some individuals, quite competent to 
the task, are occupied in experiments and inves- 
tigations having this very object in view, (the 
more economical exhaustion of the atmospheric 
main ;) at all events, it is certain that if it once 
becomes an object, that object will not be long in 
being accompliahed. 

With respect to the velocity of travelling, or 
as it is ordinarily callctl, "the speed" of the 
train, there is a remarkable difference between 
the " Locomotive" and the " Atmospheric" sys- 
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terns. Wood, in his Practical Treatise on 

nailroads, 3rd edition, page 563, gives a table of 
the gross loads which an engine can move on a 
level railway at different "speeds," from 10 to 
30 milea per hour. By this table we learn, that 
with the most poworfol engine therein referred to, 
an increase of speed from 10 miles to 30 miles per 
hour, reduces the gross load from 352 tons to 
35.GG tons ; or, allowing for the lesser lime dur- 
ing which the greater speed is exerted, a three- 
fold speed destroys two-tliirds of the useful effect. 
Panibour's investigations confirm this ; and ex- 
tending the formula to higher velocities, we find 
that at a speed under 50 miles an hour, the 
engine experimented on by Wood can only 
move itself and tender. Variations in the pro- 
portions, or power of the engines, will place this 
point of no-useful-effect at higher speeds, but the 
law of diminution still continues in operation. 

Now, with the " Atmospheiic" system nothing 
■of this kind obtains ; increased speed does not 
in auy degree diminish the motive pressure on 
the travelling ])iston ; and the velocity with 
which air rushes into an exhausted or partially 
exhausted receiver, while it vastly exceeds any 
probable working " speed," is totally indepen- 
dent of the " discharging power" by which the 
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advance of tbe ti-ain is regulated. Now the 
discharging power being that necessary to re- 
move the rarefied air from the main, it is 
obvious that an air-pump of double area will re- 
move double the quantity in tbe same time, and 
so for any other multiple area ; but the theorem 
for mean pressures ou the air-pump piston shows 
that, for the same degree of rarefaction, the 
mean resistance throughout the stroke is directly 
as the area of the piston; therefore, the "dis- 
charging power" is as the speed ; but the greater 
tbe speed, the less the time in passing over a 
given distance ; consequently, the total amount 
of discharging power, expended ditrwtj tJie tran- 
sit of a given load over a given distance, is the 
same, whatever the speed, 

This conclusion does n ot allow for the retak- 
ing force of the air, which will of course diminish 
the actual speed ; but we are not in possession of 
data from which to determine its effect ; nor is it 
material for the present comparison, as it will be 
the same on both systems. 

On the other hand, a certain and no inconsi- 
derable degree of saving will be the consequence 
of increased speed on the atmospheric railway. 
I refer to' leakage, which, whether during pro- 
duction of vacunni or •' iliRcharge" of the main, 
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^^p And even ■with the lowest of the previous esti- 
Biates as to its total amount, ia still considerable; 
but it is sufficiently obvious, that with the same 
degree of rarefaction, this leakage will be pro- 
portioned to the time; consequently, the greater 
II Wt ^^^ speed, the less the loss from this cause. 
^Ha. I am therefore justified in stating, that there 
^^■Js not any loss of power, either in a mechanical 
^^Bmr ecououiic point of view, in increasing the 
^^Biyieed of transit on the atmospheric railway ; 
^^^jjjonsoquently, any desirable rate of travelling may 
^^Ei^ie attained without disadvantage. 
^^Ba There remains but one other matter to which 
^^VJ think it necessary to advert ; but that one is, 
^^■jin my judgment, of such paramount importance, 
^^■,that more than any other it characterizes the 
^^Kf^tmospheric system ; I mean the safety of the 
^^HfUEsengers ; not merely relatively to other modes 
^^rtef transit, but the highest attainable degree of 
^^■(ftbsolute safety. 

^^^ Notwithstanding that a few fearful casiial- 
^^Kties have occurred, I believe every candid and 
^^Kdispassionate person will unhesitatingly admit 
^^■^ilway travelling to be, of all others, the most 
^^^^e from danger; and that railway casualties bear 
^^nm exceedingly small proportion indeed to those 



of any other, even the very best mode of locomo- 
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Now, what the locomotive system is, in point 
of safety to the older modes of travelling, I be- 
lieve the atmospheric to be to the locomotive : 
in a word, as free from hazard as it is possible for 
any human contrivance to be. What elements 
of danger are there ? — collision ia impossible, all 
recognised causes of fracture of parts are almost 
altogether absent ; in sTiort, although seeking 
for causes of danger on one of the moat crowded 
.ilwajs in the empire, with a view to their 
prevention, has for some years been one of my 
most anxious avocations, I cannot see where 
danger is to come from. In speaking on this 
subject, the reporters say, " on railways, it ia 
" a great element of safety that the source of 
" power is present with the train, and may be 
" almost instantly turned off if any necessity 
" shows itself for the stopping." The presence of 
the engine, it ia too well known, has not always 
proved a source of safety, as no inconsiderable 
portion of the very worst of railway casualties 
have been solely occasioned by it ; the latter 
part of the sentence is generally true, but in this 
respect there ia no difference between the loco- 
motive and the atmosplieric systems; or if there 
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le, it is ill my opinion in favour of the latter, 
iiiasmucli as the means of turning off the power 
are still more certain. The regulator or steam 
cock of a locomotive engine may stick fast, so 
that the engine-man cannot move it; this I 
have more than once known to be the case. 
But, there are abundance of contrivances in 
daily use, any one of which is adequate for unit- 
ing the travelling pistoQ to the train, and in 
which no difficulty of separation, nor apprehen- 
sion of any derangement, can possibly exist. 
Besides, even were this not the case, this separa- 
tion or casting off is not the only means at the 
command of tiie conductor ; iu common with 
the locomotive train, he has the brake ; and in ad- 
dition, he has the power of instantly opening a 
communication between the exhausted main and 
the atmosphere. This latter, of course, is not so 
immediate in its action as shutting off the steam 
in a locomotive; but combined with tlie brake 
(which, from the much less weight and momen- 
tum of the atmospheric train, I know by fre- 
quent trials, even at full speed, and with the full 
motive pressure in operation, to be much more 
effective than with a locomotive engine) I 
believe it practicable to bring to rest a train 
moved by atmospheric pressure, in as short a 
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BJJUct' as is consistent with tlie niaterirvls <»f tlie 
rriagcH liolding together. 

I liave now brought these " Observations" to a 
olose. I am aware there still remain parts of 
ithe report to which I might have referred; but 
inugh has been said lor my purpose, which was 
prove that tlie labour of the reporters, va- 
as it has been, is not in all respects cor- 
t ; and that consequently they have been led 
conclusions, as to the economy and efficiency 
■of this moat interesting invention, considerably 
'short of what may with confidence be looked for. 
If, as is possible, in the latter section of these 
" Observations," when dealing with those parts of 
the subject, which in the present stage of the in- 
vention are purely matters of opinion, I have oeca- 
fiionally expressed myself rather as an advocate 

[lor, than as an enquirer into the system ; I can 
'pnly say I have no personal interest, present 
'or prospective, in the invention, and that any 
■armth of expression, if such there be, solely re- 
sults from the strength of my conviction, and 
a desire to place on record the grounds on 
which, having once satisfied my own mind on the 
subject, I have, in common with my colleague 
Mr. Pim, and so far as was in my power, not 
ceased to urge, in all honesty of purpose, on the 
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Directors of the Dublin and Kingstown Railway, 
the adoption of this principle of locomotion for 
the Dalkey line ; confident that thereby they 
would largely advance the interest and prosperity 
of the company over which they preside ; and in 
so doing, bring to the test of experience an inven- 
tion, the beneficial results of which to Ireland, 
and indeed to most other countries, I believe it 
hardly possible too highly to appreciate or too 
warmly to anticipate. 



NOTES. 




Note 1, referred toJro?n paife 24, 

When the air-pump piston is at the begin- 
ning of a stroke, the whole space within the 
pump, including valve recesses and clearance, (as 
it is technically called) is 15.411 cubic feet; 
at the termination of a stroke, the piston has 
passed throngh 14.373 cubic feet, leaving a space 
of 1.0385 cubic feet through which it has not 
passed, and from which nf course tlie air has not 
been expelled. 

Calling these two latter quantities B and Bx, 
we have 

B ( 1 + \) = 15.411 cubic feet, 
and B X = 1.0385 

from whence we obtain 

X = 0.0723 

The published meteorological tables show that 
on the 22nd April, the day on which certain 



1^^^ experiments, hereafter detailed, were made at 
F Wormwood Scrabs, the mean height of the 

I barometer at London was 30 inches very nearly, 

and by indicator diagrams taken at the same 
time, it is shewn that the discharge valve of 
I the air-pump, as the mean of eight experi- 

ments, required a force equal to 1.263 inches of 
I mercury to open it. Calling this force S, we 

I have as the density of the air within the pump 

I barrel, necessary to open the discharge valve 
against the atmosphere, 1 -(■ g. 
The ratio of the space within the pump, at the 
end of each stroke filled with air of the density 



= 0.0674 



X _ 0.0723 
I -f- X ^ 1.0723 " 
Let P be the density of the air in the work- 
ing main, at the commencement of any stroke of 
the pump, that is 

_ Barometer — Vacuum Gauga 
Barometer 
Suppose the piston at the bottom of the air- 
' pump barrel at the ternaination of any stroke, 
and calling the density of the external air = unity, 
the space B X behind or below the piston is full 
of air of the density 1 + S, because it has opened 
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the discharge valve against the pressure of the 
atmosphere. 

The connecting valve between the working 
main or receiver, and the air-pump barrel, also re- 
quires some force to open it. I omitted to ascer- 
tain the actual value of this force, but as the con- 
necting valve does not in any respect differ from 
the discharge valve, I assume it offers the same 
resistance. Call the density necessary to over- 
come this resistance S' , consequently the space 
B ( 1 + X ) above or in front of the piston is full 
of air of the density P — B' , because the con- 
necting valve closes as soon as the difference 
of the presetires on each side = h' 

As the air-pump piston is dra\vn up, the air 
above is condensed till it acquires sufficient elas- 
ticity to open the discharge valve, that is, till its 
density becomes 1 + 8 . The air below or be- 
hind the piston is at the same time rarefied, until 
the connecting valve opens, which occurs when 
its density is reduced to P — S'. 

Call the length of the stroke of the air-pump 
L, of that jjortion of the stroke which has been 
made when the discharge valve opens /', and of 
tlio portion made when the connecting valve 
opens I". Also let I bo any indeterminate part of 
the stroke. 
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S + S' 
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Then the i-esistauee to tiie motion of the 
piston, from the condensation of the air in front 
of it at any part of the stroke, /, is 

i (P — y) ( I +X) L 
L(l+x)-i W 
This resistance goes on increasing from the begin- 
ning of the stroke when l = o until the discharge 
valve opens, or / — l', at M'hich time the value of 
the above equation (a) is I + S , from whence 

after which the pressure above the piston for the 

remainder of the stroke = 1 + S 
I The sum of these resistances woukl be the to- 

! tal resistance to the motion of the piston, if there 

'l was a perfect vacuum below it, or if \ = o ; but 

I, as this is not the case, in the experiments and 

I apparatus under consideration, this resistance 

from above is diminished or counteracted by the 

elasticity of the air below, wiiich fills the space 
I L X, and is, at the beginning of the stroke, of the 

^^ density 1 + S 

^^H As the piston advances, the space L x is en- 
^^^ larged, and the contained air expanding, its 
i elasticity is of course diminished until reduced to 

P — B', when the connecting valve opens, and the 
[air from the main flows in. 

The expression for the density or elasticity of 
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this air at any portion of tlie strolie I less tlian 
fia 

LX(1 +S ) .. 

h\ + l ~ ^"-^ 

This elasticity, as before stated, decreases from 
tlie commencement of the stroke when I = o, till 
the connecting valve opens, or when I = I", which 
occurs when the value of the above expression {c) 
becomes P — S', or when 

(I +g + 8'— P) 
(P-g') 

after which the pressure from below may be 
taken as uniform for the remainder of the stroke, 
and = P — S' 

It is here obvious that when P is such that 
i' 
^ = 1, the connecting valve will no longer open 

and exhaustion must cease, which happens when 

ror in the Wormwood Scrubs pump, when the 
Tacuum gauge stands at 26.64 inches of mer- 
[ cury." 



1=1- 



Lx ' 



..(d) 



P = S' + ' 



* The vai^uum gauge, I am iufarined, hss rcpeaCeilly beeu rajeed to 
27 inches; the difference between this and my deduction is lafilly ac- 
I eoonCed for, by variations in the foree necdssary to open the diecliarge 
I TBlve, which T see by tlio indicMor diagrams before referred to, laried 
f from 3.83 inches In 0.65 inches. I have used ihe mean of eight dia- 
ls as my value of i. 




It is also manifest that T, the inactive portion 
of the stroke, is greater, the less P is. 

Were the air pump perfectly free from leak- 
age, there would be a small decrease of this 
elasticity P — S', in the ratio of the space de- 
I scribed by the piston to the whole epace to be 
I exhausted ; but as this ratio is small, and as the 
L pump is not free from leakage, this may be as- 
l.snmed to counteract the former, and the elas- 
1 ticity P — 8' be taken as uniform from /" to L. 
The effect of the elasticity of the air behind 
I the piston, being antagonist to that of the oon- 
I densation of the air before it, the whole effective 
f resistance is obtained by deducting the sum of 
y the former from that of the latter. 

The sum of each of these resistances haviug 
been found within the proper limits by the ordi- 
nary processes of integration, the following is the 
final expression for the resistance of the air- 
k pnmp piston throughout any one stroke : — 



L P 



-8'+ X(P- 1 -«- S)}%p %ii^|^...(f) 

lior dividing by L and multiplying by the pressure 
[ of the external atmosphere, (in the present ex- 
I periments 151bs.) we obtain the mean pressures 
h Ib lbs. per square inch on the piston, which are 
I inserted in Tab. I. 




This pressure is a Tiiaximum when 
y^hUP log(\ + S) + hyp %(P-S')=(TTlj(irr6.j 
wliicli occurs when 

P = 0.49 nearly, 
or when the gauge stands at about 15,3 inches. 

In the above formula (f) when 8, S', and \ are 
each = 0, it becomes 

'w % (0 P 

wliich is identical with, the formula for mean 
pressure, given by the reporters at page 7 of the 
printed report, in which the equivalent of P is 

^- and that of -p- is -^^^l ^"^^ '^^^'^ ^■ 
shows the importance of the quantities omitted 
by the reporters. 



Note 2, refeiTed to from page 31. 

Let the capacity of the receiver or main ^ S, 
and continue the notation used in note 1. 

Then to determine the quantity of air of at- 
mospheric density abstracted by any one stroke 
of the pump. 




The density of the air in the main, at the com- 
mencement of the stroke, hemg P, the quantity 
is of course S P. 

Let X represent the quantity of air which 
passes from the main into the pump barrel dur- 
ing the stroke. The quantity of air in the pump 
barrel after the preceding stroke is, as before 
stated, B\ (1 + 8). At the end of the stroke 
the quantity ^ has flowed in, and the barrel now 
contains BX (1 + ^ ) + ^, and its density ia 

BX( I + S) + a 
B( 1+^) 

At the beginning of the stroke the quantity of 
I air in the main was S P ; at the end it has be- 
f pome S P — «■. Its density at the eommence- 
aent was P, at the termination it is P — ^, and 
s greater than that of the air in the barrel by S', 
the force necessary to open the connecting valve ; 
consequently, (the expression for the elasticity of 
the air being the same as that for its density, 
the temperature remaining unchanged,) we have 
the following equation from which to find the 
value of .!■, 



^-l 



BX(1 + 5) + a 
B ( 1 + X) 



+ 6' 



from which we olttaiTi 



but 8' 



1 + X 



1D(1+X) Sf 



(1 + B) has already licpn found 



to be the value nf P when ^ = 1. 

call B' + Y^ a + B)^a 

Let r be the ratio between S, the space in the 
main, and S + B { 1 + >.) the sum of the spaces 
in tiic main and pump barrel ; or. 



B (I + X) 



call 



II (I + X) 



'Br. (1 + X} 



then 



,. = (P— fl))-B(l +X) (g) 

Whence we see that when P = a, a- = o, and 
the pump ceases to ei^haust; but a or its equiva- 
lent 8' + — - (1 + S) we have seen is the value 
1 + X 

of P when the whole stroke is inoperative ; conse- 
quently, the limit of exhaustion in the Wonn- 
wood Scnibs pump, is when P + 0,113, or wlien 
' the vacuum guage stands at 26.64 inclies. 

The expression for the quantity of air ex- 
hausted at any one stroke (P — a) vM {\ + ^) 




J liow the discharging power of the pump 
is affected by its imperfections. Tlie quantity- 
discharged is as P — a; while in a perfect instru- 
ment, to which alone the reporters' formula aji- 
plies, it is as P. Thus, if the gauge stands at 18 
inches or P = 0.4, then P — a = 0.2876, or the 
discharge is little more than two-thirds what it 
would be with a perfect pump. If the gauge be 
at 22 inches, or P = 0.27, then P — o only = 
0.1576, or little more than one-half, while the 
process of deducing the discharging power used 
by the reporters, would assign the whole of this 
diminution of effect to leakage, which in the 
one case would be set down as nearly one- 
third, and iu the others as almost one-half of 
the whole power of the pump. 

We have also ascertained the limits of ex- 
hausting power of the pump, or that .r = o, when 

p=»=8' + rT^(i + 2) (h) 

Our next step is to determine the number of 
strokes required to produce any given amount of 
exhaustion in the main, that is, any given value 
of P. 

We have seen that the change of density pro- 
duced in the main by any one stroke of the air 
pump = c Call this density after the h'* stroke. 
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P, and so on. From the expression for .!■ wc 
liavo 

P„ = P„ _ , X ,. + fl ( 1 — )■ ) 

P^ ^ , = P„ X r + ffl ( 1 — J- ) 
■whence 

P„— P„ ^ , =(P„_,— P,)r 
or the differences of density in successive strokes 
form a geometrical series, whose common ratio is 
r. As we begin with atmos|»heric density or 
P = 1, the first difference = (1 — '■)(! — «) 
and the n — 1 terms is 
(1- 



r) (I— a) (1-/-) 
1 — r 
and subtracting this from unity 

P„ = r" ( 1 — ff ) + a 
then the number of strokes n required to pro- 
duce a given density P„ is 



(i) 



The Reporters' formula is 



For the value of r. 



From accurate measurements made for the 
, purpose of the present enquiry, I find that the 



c contents of the main is 1165.5G feet ; of the 
bi-anch connecting tliis main with the air-i)uDip, 
and which necessarily forms part of the general 
space to be exhausted, 40.90 feet. The total 
content of tlie pump above the piston, as already 
stated, is 15.41 feet, consequently 

, _ n6.5.56 + 40.90 _ 1206.46 _ 78 W 

'' ~ 11(35.56 + 40.90 + 15.41 ~ 1221.87 ~ 7 9 ) | 

the value of r in the report, f^, tlie difference 
being due to the omission of the waste space in 
the air-pump so often referred to. 

With the theorems (f ) (g) (h) now deduced, 
tables 3 and 5 have been computed. 



P 



Note 3, referred to from page 36. 

SEPARATION OF VAKIABLE FHOM CONSTANT 
LEAKAGE. 



The method I have adopted for this purpose, is 
to note the rate of reduction of vacuum by leak- 
age, by observing the falling of the vacuum 
guage in each successive minute, commencing 
the observations for different lengths of pipe at 
a high degree of exhaustion. 

If we suppose air to leak into a partially ex- 
hausted receiver, through apertures represented by 



S3 



tlie quantity O-'"™', for the time t' , tlien from tbe 
expression for the velocity V' = V ^ v^ 1 — 1* 
we easily deduce the following equation, 



O = 



p being the density in the vessel at the cud of 
the time t, and V the velocity with which air 
enters a vacuum temperature, being 55° = 1340 
feet per second ; the other sj-mbols as before. 
From this, O can be computed. Now O is com- 
posed of two parts, one proportionate to the 
length of valve, the otlier constant; two trials 
with different lengths of valve should enable 
us to separate them, but it is better to have as 
many as possible, and combine them in the usual 
way to obtain a mean result. As tbe printed 
report contains but a single observation of the 
kind required, the necessary experiments were 
instituted on the 22nd April, 1842, tbe tempe- 
rature being nearly that above mentioned. 

The travelling piston was inserted and held 
fast within 4 feet of the end of the main, that is, 
at 2.538 feet from the air-pump branch ; {the en- 
trance valve was not med in these experiments,) 
the exhaustion was then carried to about 23 
inches, the pump was stopped, and the descent 
of the column of mercury noted at the end of 



each minute. The same was repeated eight 
times, the piston being each time moved forward 
about one-eighth part of the whole distance be- 
tween the first station and the air-pump. A 
ninth trial was made, with the piston close to 
the branch; but in this case, the air-pump itself 
bore so large a proportion to the space to be ex- 
hausted, and was so irregularly connected there- 
with by the leakage of its valves, and the 
column of mercury descended so rapidly, that 
but two uncertain observations could be made. 
I have therefore not included it. 

For convenience of computation I tabulate 
the conditions and observations of each of these 
trials. I also think it desirable to give a diagram 
of the main and branch pipes, so as to prevent 
any misunderstanding. 
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By this sketch it is seen that the entire length 
of long valve engaged in the experiments is 2570 
feet ; that is, from 4 feet within the ends of the 



1 


main to the exit valve. The main consists of 
several separate lengths, each 9 feet, united by 
socket joints. In each succeeding experiment 
the travelling piston was moved forward 36 of 
these lengths, or 317.25 feet, {the difference, 6.75 
feet, being the aggregate length of the sockets,) 
thereby diminishing the total capacity S by 143 
cubic feet, and the long valve by 0.1234 of its 
whole length. The following table exhibits the 
data and observations : — 






EXPERIMENT. 1 


I 


2 


3 


4 


5 


6 


' 


« 


Mercury In Gauf 

Cubic conlentB 
aiain and Brimc 
(valuoofS) 

Proportion Oflungv 

i? latmi 
3 3nd 
& 3cd 
Eg 4th 
•S ■§ 5th 
^■o 6th 
S Tth 
S Bth 

Meandesceat^fD 


1 

Blve 
nute 


S3 ins. 
1304.46 

inches. 
T375 


23 ins. 

1063.46 

.S766 
inchBB. 

H 

II 

H 
H 
ti 

W 

a 

1.-261 


33 ins. 


-920.46 

.7531 

inchoa 

II 
11 


21 ms. 

777.46 

.6298 
inches. 


SOlniu 

634.46 

.5064 

i 
1 

i.sia 


23 inn. 

491.46 

.3830 
inches 

n 

n 

u 
n 

1.925 


aains 

34S.4b 
.2396 

1 

n 

8.156 


24 ins, 

205,4( 

.1362 

inches 
3 

3i 

3 063 


h 


From these observed results I calculate by the M 
preceding theorem {/), the separate values of ^^ 



for each cxpeiinient ; but, as before stated, in 
each case O consists of two parts, the constant 
and the variable leakage ; calling the former z 
and the latter y, we have 

O, = 2 + 1.0000 y = 0.00091763 square feet. 

O, = 2 + 0.8766 y = 0.00073989 

O, = 2 + 0.7632 1/ = 0.00080649 

O, = s + 0.6398 y = 0.00067952 

O, = 2 + 0.6084 y = 0.00064939 

O, = z + 0.3830 y = 0.00062347 

O, = z + 0.2590 y = 0.00040879 

O, = s + 0.1362 i/ = 0,00034319 
Grouping these so that the co-efficient of y may 
be relatively as large as possible in one set, and 
as little as possible in the other, we have 

2 + 0.8149 y = O.000786S8 
and 2 + 0.3213 y = O.00048121 

from whence we obtain 

z = 0.00030039 
y = 0.000S1724 



" ■■ y 



saj 
instead of 



: 1 : 2.0548 
1 : 2 



;: 1 : 4 
3 the reporters made tliem. 
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